Automatic 3D modelling of human diaphragm from lung MDCT images.
The thoracic diaphragm separates the thorax and abdomen cavity and also performs an important function in respiration. An automatic algorithm to model the human full diaphragm from multi-detector computed tomography (MDCT) images has been developed and tested. The modelling algorithm comprises these steps: (i) diaphragm top boundary estimation (ii) diaphragm side boundary estimation and (iii) full diaphragm modelling in 3D. Diaphragm top boundary is estimated based on lungs' diaphragmatic surfaces with three different methods including: linear interpolation and fitting fourth and fifth degree polynomial surfaces. Diaphragm side boundary is assumed as the inner surfaces of the lower ribs, spinal column and costal cartilages, estimated via interpolation. As the last step, the full diaphragm is modelled by employing 3D active contours that are initiated from a predefined mesh and expand towards the estimated boundaries of the diaphragm. The proposed algorithm was tested on MDCT datasets from 15 patients, and the result were compared to reference masks provided by an experienced radiologist. Based on quantitative evaluations, the accuracy of the algorithm highly depends on the diaphragm top surface estimation, e.g., the proposed algorithm failed on two datasets, both with enlarged pericardial fat pad that cuts off the left lung from the diaphragm. The proposed algorithm was tested on the remaining 13 datasets in which lungs' lower surfaces have normal contact with the diaphragm. To perform quantitative evaluations, four slices per dataset including an axial, mid-coronal and one-fourth of the sagittal planes from left and right, were compared to the ground truth. Hausdorff distance and mean distance to the closest point were measured to be 11.61 and 3.46 mm respectively, when the diaphragm top surface is modelled by a fourth degree polynomial surface. Human full diaphragm can be automatically modelled with 3D active contours bounded by the lower surfaces of the lungs and inner surfaces of the lower ribs, spinal column and costal cartilages.